Root characters, leaf yield and yield components of five mulberry varieties in relation to soil moisture i.e. well-watered, water-stress and water logging was studied in pot condition. Lower root length with higher dry weight were observed in the well-watered plants, on the other hand, shorter root length with lower dry weight was in the waterlogged plants compared to the water-stressed plants. Wellwatered plants had the highest, water-stressed plants had the lowest and waterlogged plants had the intermediate values for plant height and fresh stem weight. All the leaves of the waterlogged plants were shed at 90 days after planting. The water-stressed plants had higher shoot-root ratio followed by the well-water and waterlogged plants.
Introduction
Soil moisture directly influences soil-water relationships, aeration and permeability. The effect of drying and re-watering of soil plays a major role on the growth, nutrient uptake and distribution of plants (Nazrul-Islam, 1977) . Flooding reduces water absorption directly by decreasing the permeability of root to water and indirectly by reducing the size of the root system. The restricted root development under water logging is due to anaerobic respiration (Ponnamperuma, 1972) .
Mulberry forms the basic food material for silkworms and the bulk of the silk goods produced in the world are from mulberry silkworms. Mulberry is perennial woody plant, it can hardly tolerate water logging for several weeks and on the other hand, it can withstand prolonged drought. Though moisture is necessary for growth of mulberry plant, but if the surplus moisture is prolonged, the mulberry plants starve and ultimately they die.
The experiment was designed to gain information on the effect of low, normal and excess soil moisture on root growth and leaf yield of five mulberry varieties.
Materials and methods
Five improved mulberry varieties used in the experiment were BM-1, BM-2, BM-3, BM-4 and BM-5. The experiment was conducted in pot condition. The earthen pots were 35 cm in height and 50 cm in diameter at the top and 20 cm at the bottom. Each pot was filled with sandy loam soil (20 kg) mixed with organic manure (cow-dung). Pots were arranged in a randomized block design with three replications.
Three soil moisture regimes were as follows: well-watered (WW) -normal watering as and when necessary, water-stress (WS) -watering at the wilting point and waterlogged (WL) -dipping the pots under water (30 days of water logging).
Plants were allowed to grow well; normal watering was done as and when necessary up to 90 days for treatment of WW. For WS, water was added normally up to 30 days after planting (DAP) and after that it was subjected to stress condition, where water was added at the wilting point only. For WL, plants were allowed to grow well up to 60 DAP, where normal watering was done but after 60 DAP, they were subjected to waterlogged condition up to 90 DAP. In this treatment, pots were placed in the earthen bowls where pots were flooded in submerging with tap water and water level was maintained at 2 -3 cm above thee soil surface of the pots.
At 90 DAP, all these treated plants were uprooted carefully without damaging the root system. Roots were washed thoroughly to remove all the soil particles adhering to them. The following characters were recorded: maximum root length, root dry weight, plant height, leaf size, stem weight and leaf yield. Due to shedding of leaves, no leaf character was recorded for the waterlogged treatment. For the measurement of dry weights of root, stem and leaf, these were dried in an oven at 90 0 C till they reached constant weight. Shoot-root ratio was also calculated from the shoot weight (leaf weight + stem weight) divided by root weight. Data were analysed statistically.
Results and discussion
Root characters: Longer root length and higher dry weight of roots were observed in the well-watered plants and shorter length with lower dry weight was in the waterlogged plants compared to the water-stressed plants (Table 1) . Mean root length was longer in BM-3 followed by BM-2, BM-4, BM-1 and BM-5. The maximum root length of BM-5 always had the lowest value in all the three treatments. Higher root dry weight was found in BM-3, which was followed by BM-4, BM-1, BM-5 and BM-2. BM-3 and BM-4 had the highest root dry weight in the well-watered, waterlogged and water-stressed plants and BM-2 always had the lowest root dry weight in these three treatments. Susheelema & Jolly (1986) reported that plants with deep roots also had higher root mass. Reddy & Sudhakar (1990) reported that reduction in dry matter of roots and leaves was due to water stress. Anonymous (1975) in mulberry reported that root growth was mainly depended on the adequate water content of the soil. Water stress was found to reduce the weight of roots produced in wheat (Saha & Paul, 1995) . Flooding reduces water absorption directly by decreasing the permeability of root to water and indirectly by reducing the size of the root system. The restricted root development under waterlogging was due to anaerobic respiration.
Among the varieties, BM-3 had better performance in the well-watered and waterlogged conditions and BM-4 in the water-stressed condition (Table 1) . So among the three soil moisture treatments and five mulberry varieties, the wellwatered treatment and BM-3 were the best for the root characters.
Leaf yield and component characters : Significant effect of soil moisture on plant height and leaf size were found (Table 1) . The highest and the lowest plant height were found in the well-watered and water-stressed plants, respectively. Greater and smaller leaf size was observed in the well-watered and water-stressed plants, respectively, but as leaves were shed in the waterlogged treatment at 90 DAP, no record was possible (Table 1) . Kasiviswanathan & Iyengar (1965) also reported that taller plants were observed in the well-watered and shorter in the water-stressed treatments. Other workers also reported increased plant height due to irrigation and shorter plant height due to shortage of soil moisture (Allen et al., 1976) . Greater leaf size in the well-watered and smaller in the water-stressed plants confirmed the findings of Hsiao (1973) and Rangaswami et al. (1976) . In the waterlogged condition, shedding and rotting of leaf were similar to that reported by Aruga (1994) in mulberry. Among the varieties, BM-1 and BM-4 had the highest plant height and leaf size, respectively.
Higher fresh and dry weights of stem and leaf were found in the well-watered plants than the water-stressed and waterlogged plants (Table 1) . Poor result was observed in the water-stressed plants for stem fresh weight, but not for dry weight, which was poor in the waterlogged plants. Higher stem weight and leaf yield in the well-moistured treatment confirmed the findings of Rangaswami et al. (1976) , Kasiviswanathan & Iyengar (1965) and Kasiviswanathan (1979) . Lower stem weight and leaf yield in the water-stressed plants were similar with the findings of Mukherjee et al. (1972) in mulberry, Prasad et al. (1990) in green gram and Khan & Paul (1993) in rape. Shoot dry matter decreased due to water stress was reported by Pandey et al. (1991) . In the waterlogged treatment, mulberry leaves were shed, which is in line with Aruga (1994) . Among the treatments and varieties, wellwater and BM-1 and BM-4 had higher stem weight and leaf yield/plant, respectively.
Shoot-root ratio was higher in the water-stressed plants than the well-watered plants and poor in the waterlogged plants (Table 1) . But Nazrul- Islam and Alam (1987) in jute reported reverse result. Shoot to root ratios by length and by dry weight are best for selection. Among the varieties, BM-2 in the well-watered and water-stressed conditions and BM-1 in the waterlogged condition had higher shoot-root ratio.
